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Using the universal X superfield that measures in the UV the violation of conformal invariance we build up a model 
of multifield inflation. The underlying dynamics is the one controlling the natural flow of this fleld in the IR to the 
Goldstino superfleld once SUSY is broken. We show that flat directions satisfying the slow roll conditions exist only if 
R-symmetry is broken. Naturalness of our model leads to scales of SUSY breaking of the order of 10^^~^^ Gev, a nearly 
scale-invariant spectrum of the initial perturbations and negligible gravitational waves. We obtain that the inflaton fleld 
is lighter than the gravitino by an amount determined by the slow roll parameter 77. The existence of slow-roll conditions 
is directly linked to the values of supersymmetry and R-symmetry breaking scales. We make cosmological predictions 
of our model and compare them to current data. 
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In spite of the enormous success of inflationary cosmol- 
ogy [1, 2, 3, 4, 5, 6, 7, 8, 9] at describing the observed 
properties of the Universe, we are still missing a deriva- 
tion from flrst principles where the inflaton fleld is iden- 
tifled with one, or several, fundamental flelds in particle 
physics. This manifests itself the in the fact that we still 
do not count with a natural way of identifying the inflaton 
fleld and the properties of its potential required to satisfy 
experimental constraints [10, 11]. 

It was quickly realized after the inflationary scenario 
was proposed more than 30 years ago, that supersymmetry 
could provide a natural scenario with plenty of flat direc- 
tions which could lead to inflation [18, 19, 20, 21, 22, 23]. 
When the theory couples to supergravity, there are a num- 
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ber of new problems that appear [24], and we will discuss 
some of them later on. 

Current observational constraints from CMB tempera- 
ture and polarization experiments and large-scale struc- 
ture limit the amount the inflaton field has moved to ap- 
proximately < 2Mpj[14], where Mpi is the reduced Planck 
mass. Therefore, inflationary models that search for the 
inflaton at very large energies, like for example chaotic 
inflation, arc severely constrained already by current ob- 
servations. With the current new generation of CMB ex- 
periments (Planck, EBEX, Spider, SPUDS etc..) it will 
be possible to further constraint how much the infiaton 
field has displaced during the infiationary period that gave 
rise to our current casual horizon. It is therefore useful to 
revisit again the problem of steep directions in SUGRA 
models to understand if a flat direction can be obtained at 
aU. 

In this paper we will suggest a natural embedding of in- 
flationary dynamics in the effective low-energy Lagrangian 
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describing supcrsymnictry breaking. Our approach will 
be quite independent of the niicrophysics underlying su- 
persyninietry breaking, and will only rely on universal 
properties of this symmetry. Since we are not commit- 
ting ourselves to any particular microscopic realization of 
supersymmetry breaking, some of our comments about re- 
heating for instance will be rather sketchy. A more de- 
tailed and precise presentations of our ideas will appear 
elsewhere [25]. Like most inflationary theories containing 
supersymmetry, we present a simple model of multifield 
infiation (sometimes called hybrid) [26] , identify naturally 
the inflaton field and its potential, and then fit a few obser- 
vational data to estimate the few parameters of our model. 
We compute, in particular, the number of e-folding and the 
amplitude of density fluctuations at horizon crossing. It is 
surprising to find that the scale of supersymmetry break- 
ing indicated by this analysis is between 10^^ — lO^^GeV. 
An interesting spin-off of our model is that the inflaton is 
lighter than the gravitino by an amount y^, where rj is 
one of the slow roll parameters (see below). 

We would like to stress that in this paper we are always 
assuming F-breaking of supersymmetry. In D-breaking 
scenarios our arguments do not apply, at least as presented 
here ^. 

2. General framework 

Supersymmetry is a natural framework to define in- 
flationary scenarios for two main reasons. First of all, 
SUSY naturally leads to the existence of flat, or nearly 
flat directions (pseudomoduli), allowing for slow roll sce- 
narios. Second, and more important, the order parameter 
of supersymmetry breaking is the vacuum energy density. 
Hence, naturally associated with its breaking, supersym- 
metry contains two main ingredients necessary in infla- 
tionary scenarios: vacuum energy and reasonably flat di- 
rections. 

^Wc thank Gia Dvali for raising this point. See for instance the 
last entry in [21] 



In a remarkable recent work, Komargodski and Seiberg 
[27] have presented a new formalism to understand super- 
symmetry breaking, its general properties, its non- linear 
realizations [28] , and a systematic way to understand the 
low-energy couplings of goldstinos to other fields. Al- 
though many things were known before (see references in 
[27]) this work, the presentation is quite insightful, and it 
played a major part in the inspiration of this work. 

The basic starting point in [27] is the Ferrara-Zumino 
multiplets of currents [29]. A vector superfield composed 
of the R- symmetry current, the supercurrent, and the en- 
ergy momentum tensor. This vector superfield satisfies the 
general relation: 

D^J^^^ = D^X. (1) 

The chiral superfield X is essentially defined uniquely ^ 
in the ultraviolet. Following [27] the superfield X has the 
following properties: 

• In the UV description of the theory, it appears in the 
right hand side of 1 , where it represents a measure of 
the violation of conformal invariance. 

• The expectation value of its 6^ component is the or- 
der parameter of supersymmetry breaking. In this 
work we are only considering F-breaking of super- 
symmetry. We denote by / the expectation value of 
the F-component oi X . It will sometimes be useful 
to write f = jx^ , where /x is the microscopic scale of 
supersymmetry breaking. 

• When supersymmetry is spontaneously broken, we 
can follow the flow of X to the infrared (IR). In the IR 
this field satisfies a non-linear constraint and becomes 



^The ambiguities in the supercurrent multiplet and X are related 
to improvement terms in the various currents. 



the "goldstino" superfield 

X%L = 0, (2) 

Xml = ^ + V2eG + e^F. (3) 

The scalar component x oi X becomes a goldstino 
bilinear. Its fermionic component is the goldstino 
fermion G, and F is the auxiliary field that gets the 
vacuum expectation value. A major part in the anal- 
ysis in [27] is based on this novel nonlinear constraint 
satisfied by the superfield X in the IR. As shown 
there, the correct normalization of the goldstino su- 
perfield to derive all relevant low-energy theorems of 
broken supersymmetry is Xnl = ^X. 

• Finally, X generalizes the usual spurion couplings ap- 
pearing in the description of low-energy supersymmet- 
ric lagrangians. If rUsoft describes the soft supersym- 
metry breaking masses at low energies, the standard 
spurion in the lagrangian is replaced by ^y^* X^l- 
This allows one to write the leading low-energy cou- 
plings of the goldtino to other matter fields. 

Since we are going to consider goldstino couplings, we will 
work with a field whose expectation values are well below 
the Planck scale. 

Our proposal is to identify in the UV the infiaton field 
with the scalar component of the superfield X. Since X is 
defined uniquely (up to the ambiguity mentioned in foot- 
note one) in the UV, this provides a well defined prescrip- 
tion. Furthermore, we will identify the infiationary period 
precisely with the fiow of X from the UV to the IR i.e. 
X XpfL. Note that by making this assumption we do 
not need to think of the infiaton as any extra fundamental 
field. In fact, independently of how SUSY is broken, and 

modified version of the nonlinear constraint (2) appears when 
one considers spontaneous R-symmetry breaking. In that case, the 
goldstino and the corresponding axion will be part of the same mul- 
tiplet. 



what is the underlying fundamental theory we can always 
identify the A"— superfield as well as its scalar component 
X. More importantly, by making this assumption we are 
identifying the vacuum energy driven infiation with the 
actual SUSY breaking order parameter. 

In the supergravity context, once we have the Kahler 
potential K{X,X) and the superpotential W{X), the full 
scalar potential is given by [30]: 

V = e^{K-^^DWDW-^\W\'') (4) 

with 

DW = dxW + ^dxKW. (5) 

M is the high energy scale below which we can write the ef- 
fective action describing the dynamics of the X-superfield. 
It could be the Planck scale, or a GUT scale depending on 
the microscopic theory. We will work well below the scale 
M, and for simplicity take M = Mpi In equation (4) we 
can see one of the basic problems in supergravity infla- 
tion [24]. As we will see later on, to satisfy the slow roll 
conditions, a necessary condition is that the Tj-parameter, 
defined by: 

V = M^i^, (6) 

be much smaller than one. If we choose a Kahler potential 
K(X, X) with R-symmetry, for instance the canonical one 
K(X, X) = XX + . . .; where the . . . represents a function 
of XX, it is easy to sec that from the exponent of (4) we 
always get a contribution to r; equal to 1: rj = I + . . ., no 
matter which component of X is taken as the infiaton field. 
This of course violates the slow roll conditions. Since we 
are considering a situation with supersymmetry breaking 
and gravity (early universe) , we cannot exclude supergrav- 
ity from the picture, and this leads to the 77-problem in 
these theories. 

The simplest way out of this problem without unreason- 
able fine tuning, is to have explicit R-symmetry breaking 



in the Kahlcr potential If wc have exphcit R-breaking, 
the expansion of V for small fields takes the form: 

X = M{a + if3) (7) 

f is the supersymmetry breaking parameter representing 
the expectation value of an _F-term, and hence with square 
mass dimensions. We assume that V is locally stable at 
least during inflation. Hence AizLBi > 0. We express the 
potential in terms of the dimensionless fields a, (3. Their 
masses can be read off from (8): 

2/2 



(Ai-Bi).(9) 



The numbers Ax,Bx are taken to be 0(1). 

One could be more explicit, and choose some super- 
symmetry breaking superpotential, like W = fX, and 
Kahler potential explicitly breaking R-symmetry, like: 
K = XX+ {c/M^){X^X + XX^) + ... as in [27] lead- 
ing to an effective action description of X for scales well 
below M. At this stage, we prefer not to consider explicit 
examples of UV-completions of the theory. 

We consider the beginning of inflation well below M, 
hence the initial conditions are such that a,/? << 1. In 
fact, since (3 is the lighter fleld, we take this one to be the 
inflaton, and consider that initially a,/3 ~ ^/f/M. For us 
the inflationary period goes from this scale until the value 
of the fleld is close to the typical soft breaking scale of the 
problem nisoft, where the fleld X — > X;vl (2), at this scale 
Xnl behaves like a spurion [27] and as shown in Ref. [27], 
the leading coupUngs to low-energy supersymmetric mat- 
ter can be computed as spurion couplings, for instance ^, 
if Q, V represent respectively low energy chiral and vector 



■^R-symmetry is a well-known problem in phenological applica- 
tions of supersymmetry. R-symmetry does not allow soft breaking 
masses for the gauginos; and spontaneous breaking of the symmetry 
may lead to axions with unacceptable couplings. Often one wants to 

preserve R-parity to avoid other possible phenomenological disasters. 
®The details can be found in[27] section 4, in particular around 

equations (4.3,4). 



superfields, we can have the couplings: 
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plus gauge couplings. 

Once we reach the end of inflation, the fleld X becomes 
nonlinear, its scalar component is a goldstino bilinear and 
the period of reheating begins. The details of reheating de- 
pend very much on the microscopic model. At this stage 
one should provide details of the "waterfall" that turns the 
huge amount of energy p into low energy particles. Part of 
this energy will be depleted and converted into low energy 
particles through the soft couplings in (10), and hence we 
can in principle compute a lower bound on the reheating 
temperature. Before making some comments on the re- 
heating period, we analyze the cosmological consequences 
of a potential as simple as (8), as well as the assumptions 
we have made earlier about the inflaton and its range as 
inflation takes place. 

3. The Inflaton Potential and Slow Roll Conditions 

To study the conditions under which our potential pro- 
vides inflation consistent with the latest cosmological con- 
straints, we examine the slow-roll parameters, defined as 
[13]: 

.1 I V \ ^^^^ 
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where Mpi is the reduced Planck mass and ' denotes deriva- 
tive with respect to the inflaton fleld. The observables are 
then expressed in terms of the above slow roll parameters 
as: 



ns = 1 - 6e + 277, 
r = 16e 



(13) 
(14) 



nt 



-2e, 



(15) 
(16) 



thus: 



247r2e" 

ns is the slope of the scalar primordial power spectrum, 
fit is the corresponding tensor one, r is the scalar to tensor 
ratio and A|j is the amplitude of the initial perturbations. 
All these numbers are constrained by current cosmological 
observations [10, 11, 12]. We will use their constraints to 
explore the naturalness of our inflationary trajectories. In- 
flation takes place when the slow-roll parameters are much 
smaller than 1. 

We will use the amplitude of initial perturbations and 
the number of efoldings to flt some of the paramenters 
of the toy model in the previous section. Recall that the 
potential in the range of interest is: 

V = f{l + A,{a^ + p^) + Bi{a^ - /3') + - • •), (17) 

which appears in figure 1. We can compute €,r] while 
rolling in the P direction: 

\2 



e = 2{{Ai-Bi)py + ... 
T] = 2(Ai-Bi) + ..., 



(18) 
(19) 



since P << I, e is naturally small. Wc can make rj small 
by a slight fine tuning of the difl^erence Ai — We will 
write rj later as a ratio of the inflaton and gravitino masses. 
Once the slow roll conditions are satisfied, we can compute 
the number of efoldings (see for instance [16, 17]): 
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From (19) we get: 
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log 
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In most models of supersymmetry breaking, the gravitino 
mass is given by: 

= ^, (22) 
hence, we can rewrite the parameters and masses in (9) 



as: 
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(24) 



The number of efoldings is considered normally to be be- 
tween 50 — 100. Finally we will use the amplitude of initial 
perturbations to get one extra condition in the parameters 
of our potential. Using [11] (16) can be written as: 

1/4 jl/2 



.027M, 



(25) 



2^/*{\A^-B,\pf^ 
where P is taken at iV-efoldings before the end of infiation. 
Summarizing, the two cosmological constraints we get on 
the parameters of our potential can be written as: 
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(26) 
(27) 

(28) 



and the rj parameter can be written as: 

W3/2/ 

We take Pi above the supersymmetry breaking scale 
\/J/M = n/M, and pf close to mgoft/M, therefore we 
can easily get values for N between 50 — 100 for moderate 
values of r], which is expressed here as the square of the 
ratio of the inflaton to the gravitino mass. It is interesting 
to notice that from (27), we can write the supersymmetry 
breaking scale fj, in terms of the r?-parameter: 



M 



5.2 10"^ T]. 



(29) 



Hence for a value of 77 ~ .1 we can get fi ~ 10^'^ GeV. 
Lower values of the supersymmetry breaking scale can be 
obtained by reducing rj. However, since the inflaton mass 
is 



(30) 



we may end up with an infiaton whose mass is substantially 
lighter than the gravitino. For these values of 77, fj,, we 
have that A ~ 10^^ /M, Pf ~ lO^/M, and the number of 
efoldings is ^ 110. 



We conclude then that with moderate values of 77 be- 
tween .1 — .01 we can get supersyninietry breaking scales 
between 10^^ — 10^ without major fine tunings. We eas- 
ily get enough efoldings, and furthermore, the inflaton is 
lighter than the gravitino by an amount given by y^. 

For the above range of parameters we can compare the 
predicted value of ns in our model with observational con- 
straints. This is shown in the right panel of Fig. 1. The 
yellow region is the current cosmological constraints from 
WMAP5 [11] and the other colored areas are the predic- 
tions for our model with minimal fine tuning for an stable 
(unstable) X potential, i.e. the field is concave (convex) re- 
spectively. The constraints will improve greatly when the 
Planck satellite releases its results next year, and therefore 
our model can be tested much more accurately. 

Reheating can proceed in many ways, since we have not 
provided a detailed microscopic model. Once in the non- 
linear regime, the Xjvl held (whose scalar component is 
made of a goldstino bilinear) could efficiently convert the 
/^-energy density into radiation. We can calculate the 
amount of entropy and particle density by using the Boltz- 
man equation and assuming that the pair of Goldstinos 
will have an out-of-equilibrium decay[16]. Using that 




we obtain a range 10*" < Trh < 10". This produces a 
particle abundance of n-)^ ^ ]^q7o-90 .^j-c standard 

values. We can also compute the amount of entropy gen- 
erated by the out-of-equilibrium decay as 

Sf/Si = 10^(^/7/Gey)-l/2 (32) 

which yields values in the range 10 to 1 , and assures that 
there is no entropy overproduction. We could also compute 
the depletion of this energy through the soft couplings (10) 
yielding very similar values as above. In both cases, we 
can get sufficient reheating with temperatures between y/f 
and a fraction of The true value depends very much 

on the details of the microscopic model. However, there 



seems to be no obstruction to reheating the universe to 
and acceptable value of temperature, particle abundances 
and entropy. We are currently working in a more detailed 
theory incorporating our scenario [25]. 

4. Conclusions 

In this short note we have studied the possibility of hav- 
ing supersymmetry breaking as the driving force of infla- 
tion. We have used the unique chiral superfield X which 
represents the breaking of conformal invariance in the UV, 
and whose fermionic component becomes the goldstino at 
low energies. Its auxiliary field is the F-term which gets 
the vacuum expectation vahie breaking supersymmetry. 

It is crucial in our analysis to have explicit R-symmetry 
breaking along with supersymmetry breaking. This allows 
us to avoid the 77 problem in supergravity and to take the 
supersymmetric limit. The simplest model we obtain de- 
scribes the components of X well below the Planck scale. 
It is written in terms of three parameters: the supersym- 
metry breaking parameter / and the masses of the real and 
imaginary components of the field x (the scalar component 
of X). In our analysis the imaginary part of x plays the role 
of the inflaton, and its mass was shown to be smaller than 
the gravitino mass by an amount given by y^. This imag- 
inary component represents a pseudo-goldstone boson, or 
rather, a pseudomoduli. In supersymmetric theories such 
fields abound, and any of them could be used to construct 
some form of hybrid inflation. In our case, however, we 
want to use the minimal choice that is naturally provided 
by the universal superfleld X that must exist in any su- 
persymmetric theory. 

Since we have not presented any detailed model, the cos- 
mological consequences are a bit rudimentary, especially 
concerning reheating at the end of inflation. However, the 
comparison of the simplest model with present data, yields 
very interesting values for the supersymmetry breaking 
scale, and the ratio of the inflaton and gravitino masses. 




Figure 1: Left panel: The potential as a function of (a) and components of the field X. Note the nearly flat direction (/3) that we use for our 
inflationary trajectories. Graceful exit and particle creation occurs in the non-linear part of the X field. Right panel: WMAP5 cosmological 
constraints (yellow region) in the r — ng plane. For no-fine-tuned minimal infiation models the green and red area show our predictions for 
both cases of a stable (concave) potential and unstable (convex) potential. The Planck satellite will be able to provide significantly tigther 
constraints on r and especially 715 (at the < 0.5% level) thus further constraining our model. The dashed line is the limit in r that can be 
achieved with an ideal CMB polarization experiment [14] 



These are bonuses which come directly from the observa- 
tions of the initial density perturbations from WMAP data 
[11]. The fact that the inflaton is lighter than the gravitino 
may have interesting low-energy phenomenological impli- 
cations. Furthermore in this simple model it is easy to 
obtain sufficient number of efoldings with moderate values 
of the ry parameter. 

To explore our proposal in more detail, it is important 
to construct an explicit model, even if not very realistic, 
in order to understand in more detail the end of inflation, 
the reheating mechanisms, and also the fine structure of 
the inflaton potential. We hope to report on this in the 
near future [25]. 

Acknowledgements 

We would like to thank G. Dvali, G. Giudice, J. Les- 
gourgues, S. Matarrese, G. Ross, Nathan Seiberg, M.A. 
Vazquez Mozo, and L. Verde for useful discussion. C.G. 
and R.J. would like to thank the CERN Theory Group for 
hospitality while part of this work was done. 



References 

[1] Guth A. H., 1981, PRD, 23, 347 

[2] Mukhanov V. F., Chibisov G. V., 1981, ZhETF Pis ma Redak- 

tsiiu, 33, 549 
[3] Sato K., 1981, MNRAS, 195, 467 

[4] Albrecht A., Steinhardt P. J., 1982, Physical Review Letters, 
48, 1220 

[5] Guth A. H., Pi S.-Y., 1982, Physical Review Letters, 49, 1110 
[6] Hawking S. W., 1982, Physics Letters B, 115, 295 
[7] Linde A. D., 1982, Physics Letters B, 108, 389 
[8] Starobinsky A. A., 1982, Physics Letters B, 117, 175 
[9] Bardeen J. M., Steinhardt P. J., Turner M. S., 1983, PRD, 28, 
679 

[10] Verde L., Peiris H., 2008, JCAP, 7, 9 

[11] Komatsu E., et al., 2009, ApJS, 180, 330 

[12] Peiris H., verde L., 2009, arXiv0912.0268 

[13] Liddle A. R., Lyth D. H., 1992, PhLB, 291, 391 

[14] Verde L., Peiris H. V., Jimenez R., 2006, JCAP, 1, 19 

[15] Verde L., Jimenez R., Kamionkowski M., Matarrese S., 2001, 

MNRAS, 325, 412 
[16] Kolb E. W., Turner M. S., 1990, The Early Universe, Addison 

Wesley. 

[17] Mukhanov, S, 2005, Physical Foundations of Cosmology, Cam- 
bridge University Press. 

[18] J. R. EUis, D. V. Nanopoulos, K. A. Olive and K. Tamvakis, 
Phys. Lett. B 118, 335 (1982). 

[19] B. A. Ovrut and P. J. Steinhardt, Phys. Lett. B 133, 161 (1983), 



B. A. Ovrut and P. J. Steinhardt, Phys. Rev. Lett. 53, 732 
(1984), B. A. Ovrut and P. J. Steinhardt, Phys. Rev. D 30, 2061 
(1984), B. A. Ovrut and P. J. Steinhardt, Phys. Lett. B 147, 
263 (1984). B. A. Ovrut and P. J. Steinhardt, P. R. Lindblom, 
B. A. Ovrut and P. J. Steinhardt, Phys. Lett. B 172, 309 (1986). 
[20] G. G. Ross and G. German, arXiv;0902.4676 [hep-ph]. 
S. Hotchkiss, G. German, G. G. Ross and S. Sarkar, JCAP 
0810, 015 (2008) [arXiv:0804.2634 [astro-ph]]. Z. Lalak, 

G. G. Ross and S. Sarkar, Nucl. Phys. B 766, 1 (2007) 
[arXiv:hep-th/0503178]. G. G. Ross, Prepared for 28th In- 
ternational Conference on High-energy Physics (ICHEP 96), 
Warsaw, Poland, 25-31 Jul 1996 G. German, G. G. Ross 
and S. Sarkar, Nucl. Phys. B 608, 423 (2001) [arXiv:hep- 
ph/0103243]. G. German, G. G. Ross and S. Sarkar, Phys. Lett. 
B 469, 46 (1999) [arXiv:hep-ph/9908380]. G. G. Ross, Given at 
COSMO 97: 1st International Workshop on Particle Physics 
and the Early Universe, Ambleside, England, 15-19 Sep 1997 
J. R. Espinosa, A. Riotto and G. G. Ross, Nucl. Phys. B 531, 
461 (1998) [arXiv;hcp-ph/9804214]. J. A. Adams, G. G. Ross 
and S. Sarkar, Nucl. Phys. B 503, 405 (1997) [arXiv:hep- 
ph/9704286]. J. A. Adams, G. G. Ross and S. Sarkar, Phys. 
Lett. B 391, 271 (1997) [arXiv:hep-ph/9608336] . G. G. Ross 
and S. Sarkar, Nucl. Phys. B 461, 597 (1996) [arXiv:hep- 
ph/9506283]. O. Bertolami and G. G. Ross, Phys. Lett. B 183, 
163 (1987). G. D. Coughlan and G. G. Ross, Phys. Lett. B 157, 
151 (1985). 

[21] G. R. Dvali, Q. Shaft and R. K. Schaefer, Phys. Rev. Lett. 73, 

1886 (1994) [arXiv:hep-ph/9406319], G. R. Dvali, arXiv:hep- 
ph/9503259, G. R. DvaU, Phys. Lett. B 387, 471 (1996) 
[arXiv:hep-ph/9605445], P. Binetruy and G. R. Dvali, Phys. 
Lett. B 388, 241 (1996) [arXiv:hep-ph/9606342] . 
[22] L. Randall, M. Soljacic and A. H. Guth, Nucl. Phys. B 472, 
377 (1996) [arXiv;hep-ph/9512439], L. Randall, M. Soljacic 
and A. H. Guth, arXiv:hep-ph/9601296, N. Arkani-Hamed, 

H. C. Cheng, P. Creminelli and L. Randall, JGAP 0307, 
003 (2003) [arXiv:hep-th/0302034], M. Dine, L. Randall and 
S. D. Thomas, Phys. Rev. Lett. 75, 398 (1995) [arXiv:hep- 
ph/9503303]. 

[23] For details and thorough references on supersymmetry and in- 
flation see for instance: D. H. Lyth and A. Riotto, Phys. Rept. 
314, 1 (1999) [arXiv:hep-ph/9807278]. 

[24] See for instance E. J. Copeland, A. R. Liddle, D. H. Lyth, 
E. D. Stewart and D. Wands, Phys. Rev. D 49, 6410 (1994) 
[aj:Xiv:astro-ph/9401011], and references therein. 

[25] Present authors, in preparation. 

[26] A. D. Linde, Phys. Rev. D 49, 748 (1994) [arXivrastro- 

ph/9307002]. 

[27] Z. Komargodski and N. Seiberg, JHEP 0909, 066 (2009) 



[arXiv:0907.2441 [hep-th]]. 

[28] D. V. Volkov and V. P. Akulov, Phys. Lett. B 46, 109 (1973). 

[29] S. Ferrara and B. Zumino, Nucl. Phys. B 87, 207 (1975). 

[30] E. Cremmer, B. Julia, J. Scherk, P. van Nieuwenhuizen, S. Fer- 
rara and L. Girardello, Phys. Lett. B 79, 231 (1978), E. Crem- 
mer, B. Julia, J. Scherk, S. Ferrara, L. Girardello and P. van 
Nieuwenhuizen, Nucl. Phys. B 147, 105 (1979). 



